Collecting, exploring and using a suitable, genetically diverse source material with different ecological-geographical origin is a determining prerequisite for the breeding success. The present study was conducted during the 2014-2016 period at the Institute of Forage Crops (Pleven, Bulgaria) with 23 cultivars of white lupine originating Poland, Russia and Ukraine. It was found a significant genetic diversity among the studied cultivars, which was a good prerequisite for starting a breeding program within the crop. The most favorable combination of a high seed productivity and crude protein content had cultivars 'Tel Keram', 'Pflugs Ultra', 'WAT', 'Solnechnii' and 'Pink Mutant', whose plants were also characterized by a mass of 1,000 seeds between 15 and 21 g. Genetically, the most distant from each other were 'Bezimenii 1' and 'Pflugs Ultra' compared to 'Termis Mestnii' and 'Solnechnii' as well as to 'Tel Keram'. These cultivars are suitable as genitors for the development of high-yielding white lupine cultivars. Studied traits of pod length, number of seeds in a pod and seeds per plant showed a high positive phenotypic and genotypic correlation with the seed productivity in white lupine. Regarding productivity, it can be rely upon the mass of 1,000 seeds, plant height and number of seeds per plant due to their high total effect on the seed weight per plant.
Introduction
The Lupinus genus consisted of more than 300 species, but only four of them have acquired importance as agricultural crops: L. albus, L. angustifolius, L. luteus and L. mutabilis (Yorgancilar et al., 2009) . Lupinus albus L. (2n = 50 chromosomes) an annual or perennial legume belonging to legume family Fabaceae, is one of the oldest crops. It was a major food legume in the Old World and had a long history of cultivation in the countries of the Mediterranean basin.
White lupine has a wide range of distribution (Kurlovich, 2002; Wolko et al., 2011; El-Harty et al., 2016) . It had the capacity to grow under environmental and edaphic conditions that are not tolerated by other crops. Large genetic diversity exists in morphological and agronomic traits in L. albus as a result of both natural and human selection (Jansen, 2006) .
The conservation and preservation of the genetic resources of this species were of crucial importance for the breeding programs related to the improvement of the cultivar composition in the white lupine (Raza and Jornsgard, 2005; El-Sherif et al., 2014) .
Collecting, exploring and using a suitable, genetically diverse source material with different ecologicalgeographical origin was a determining prerequisite for the breeding success (Valcheva and Vulchev, 2008; Khaidizar et al., 2012) . The main genetic and breeding problems were related to increasing productivity and improving grain quality, some morphological, biological and physiological traits and properties of culture (Caliskan et al., 2013) . The solution of these problems was related to the necessity of applying complicated genetic and mathematical-statistical methods and conducting systematic researches and analysis of the main selective traits of the materials in the work collection (Ayan et al., 2012) .
The knowledge of genetic diversity is a useful tool in gene-bank management and breeding experiments like tagging of germplasm, identification and/or elimination of duplicates in the gene stock and establishment of core collections (Aliu et al., 2016) .
The purpose of this study was to assess the genetic diversity and biological potential of white lupine accessions regarding components of productivity.
Materials and Methods

Biological material
The study was conducted during the 2014-2016 period at the Institute of Forage Crops (Pleven, Bulgaria). The and indicators was of primary importance in the breeding of new varieties with improved qualitative and quantitative composition (Ajmal et al., 2009; Bozokalfa et al., 2010; Esiyok et al., 2011) .
In the recombinative plant breeding, there was a considerable interest regarding the information about the genetic proximity or distance of the genotypes used as parental forms in hybrid combinations. Transgressive degradations can be expected to a greater extent if genetically distanced accessions were crossed. Then it is expected to combine different genes from both parents in the offspring, determining the desired traits (Cowen and Frey, 1987) .
In the conditions of the present experiment, 23 white lupine cultivars were studied in terms of biological and economically valuable qualities. According to the dispersion analysis presented (Table 1) , statistically significant differences between the tested cultivars were found for the following traits: pods per plant, seeds in a pod, seeds per plant, seed weight per plant, mass of 1,000 seeds, content of crude protein and crude fiber. As a whole, in the collection of accessions, the differences in regard to plant height, pod width and length were statistically insignificant.
Principal component analysis
Based on the studied 10 traits, a factor analysis was performed using the main componentsʼ method in the collection of white lupine accessions. There were three еigen values greater than 1, which determined the choice of three main components (Table 2) . These major components explained about 81.63% of the total variation. The first component explained 48.65%, the second one -21.98%, the third -10.99% of the whole variation. The first component was primarily related to the traits of plant height, pods per plant, pod width and length, seeds per plant. The seeds in a pod and seed weight per plant participated in the formation of the second component, and the mass of 1,000 seeds -in the formation of the third component. Fig. 1 presented the disposition of the cultivars according to their values regarding the first (PC1) and the second (PC2) component. Cultivars 'WAT', 'Start', 'Amiga', 'Garant', 'Manovitskii', 'Dega', 'Desnyanskii' and 'Hetman' had negative values for PC1 and positive ones for PC2. The position that they occupied on the coordinate system was determined by the fact that the plants did not reach a great height, they formed a medium number of pods per plant and had a lower productivity.
The accessions 'Bezimenii 1', 'Bezimenii 2', 'Pflugs Ultra', 'Termis Mestnii' and 'Pink Mutant' had a positive value in terms of PC1 and a negative one for PC2. The location of these accessions was determined by that they succeeded to form higher plants, more pods per plant, and the seed weight per plant and the mass of 1,000 seeds were above the averages for the studied group. They were also characterized with a lower crude fiber content.
working collection included 23 cultivars of white lupine (Lupinus albus L.) as follows: 'Solnechnii', 'Pflugs Ultra', 'Tel Keram', 'Bezimenii 1', 'Bezimenii 2', 'Dega', 'Manovitskii', 'Barde', 'Desnyanskii', 'Termis Mestnii', 'Pink Mutant', 'Horizont' (Russian cultivars); 'Astra', 'Ascar', 'Amiga', 'BGR 6305', 'Kijewskij Mutant', 'Hetman', 'Nahrquell', 'Shienfield Gard', 'Start', 'WAT' (Polish cultivars) and 'Garant' (an Ukrainian cultivar).
Experimental sampling design and qualitative analysis
The experiment was carried out in a field for organic production after a two-year conversion period. A randomized block method was used. The seeds were sown by hand, in the third decade of March with a sowing rate of 50 seeds per m 2 .
The following traits and indicators were reported: plant height (cm), height to first pod (cm), number of pods per plant, number of seeds per plant, mass of 1,000 seeds (g), seed weight per plant (g), pod length (cm), pod width (cm), content of crude protein (CP, g kg -1 dry matter) and crude fiber (CF, g kg -1 dry matter). Broad sense heritability (Hbs) was calculated for all traits by using the formula proposed by Mahmud and Kramer (1951) .
Statistical procedures
The level of genetic diversity was established using coefficients and parameters -genotypic coefficient of variation (CVg) and phenotypic coefficient of variation (GVe) were estimated by the formula suggested by Burton (1952) . The statistical methods were used to process the experimental data: factor analysis by the method of principal components (Vandev, 2003) ; hierarchical cluster analysis by the method of Ward (1963) -for the grouping of genotypes by similarity as a measure for the difference (the genetic distance), the Euclidean distance between them was used, having previously standardization of the data carried out. Genetic advance in absolute unit (GA) and genetic gain (GG), assuming selection of the superior 5% of the genotypes, were evaluated in accordance with the methods of Johnson et al. (1995) , using the software GENES 2009.7.0 for Windows XP (Cruz, 2009) . The dependencies between indicators were established by correlation analysis (Sharma and Choubey, 1985) . Statistical analysis of the data was based on a dispersion analysis of the particular traits.
All experimental data were processed statistically using the computer software SPSS 13 and Excel for Windows XP.
Results
Genetic diversity of germplasm resulting from the enrichment of available genetic resources largely determined the scope of breeding activity in a particular crop. Preliminary assessment of the breeding accessions from the collection, analysis of genetic parameters and inheritance of basic traits 398 0.50 **, * significance at p < 0.01 and p < 0.05 probability levels; ns -not significantly different 'Tel Keram', 'Horizont', 'Solnechnii' and 'Barde' were separated from the group of the rest of white lupine cultivars studied. They had positive values for PC1 and PC2, as they were distinguished by higher values of plant height, number of seeds and pods per plant, seed weight, mass of 1,000 seeds and crude protein content. With negative values for PC2 and PC1 were 'Astra', 'Nahrquell', 'Ascar', 'Shienfield Gard' and 'Kijewskij Mutant'. They were characterized by a relatively smaller number of seeds and pods per plant, a low content of crude protein and high in crude fiber. PC1 had influence on the manifestation of traits plant height, number of seeds and pods per plant (Fig. 2 ) in cultivars 'Tel Keram', 'Bezimenii 1', 'Bezimenii 2', 'Pflugs Ultra', 'Termis Mestnii', 'Horizont', 'Solnechnii', 'Pink Mutant', while cultivars 'Start', 'Amiga', 'Manovitskii', 'Barde', 'Dega', 'Desnyanskii' were influenced by PC2, by the traits mass per 1000 seeds, number of seeds in a pod and seed weight per plant.
Hierarchical cluster analysis
Based on the results of the productivity components, a grouping of genetically related varieties was done. Table 3 showed the classification of the cultivars in two main clusters. The first cluster included 'Hetman', which was characterized by very low values for all quantitative traits, an average level of protein content and the highest crude fiber content in the tested group of cultivars.
The second cluster was subdivided into two major groups, such as 'Tel Keram' that occupied a self-place in the one group, and 'Desnyanskii', 'Dega Garant', 'Barde' whose traits had values close to the averages for the population and high content of crude protein. In the same subgroup, 'Start', 'Manovitskii', 'WAT', 'Amiga' and 'Kijewskij Mutant' were included, but genetically within each other, they were closer in regard to the traits plant height, mass of 1,000 seeds, number of pods and seed weight per plant. In the second 6.00 main subgroup of the second cluster, each of the cultivars 'Termis Mestnii' and 'Solnechnii' occupied a self-place. However, they were very close to each other in terms of their high productivity and productivity elements (plant height, number of seeds and pods per plant, mass of 1,000 seeds, and high crude protein content). The other subgroup consisted of the remaining cultivars: 'Pink 'Mutant', 'Nahrquell' and 'Shienfield Gard' that were genetically more distant than 'Bezimenii 1', 'Horizont', 'Bezimenii 2', 'Pflugs Ultra', 'BGR 6305', 'Astra' and 'Ascar', whose plants were high, did not form many pods, but they had more seeds with a weight over the average for the population.
Estimation of genetic parameters: genotypic (GCV%) and phenotypic (PCV%) coefficient of variation
Genetic and phenotypic parameters of investigated traits were presented in Table 4 . Variability coefficients (GCV and PCV), taken as a whole, were lower for the traits of seed weight per plant, mass of 1,000 seeds, CP, CF and higher for seeds per pod. A relatively small difference was found between GCV (%) and PCV (%) in terms of seeds per plant, seed weight per plant and mass of 1,000 seeds, indicating that the influence of environment on the manifestation of these traits was small and the variation was due to genetic factors to a greater extent.
The magnitude of the phenotypic coefficient for plant height, pods per plant, pod length and seeds in a pod, was higher than the genotypic coefficient, which provided a good opportunity to improve these traits through phenotypic selection. For the qualitative indicators (crude protein and crude fiber content), the values of GCV (%) were higher than thоse of PCV (%), suggesting that the selection performed on these traits can be effective and improve new cultivars.
The value of the genetic variance for plant height, pods per plant, pod length, seeds per pod and seeds per plant, was less than their corresponding phenotypic variance, but higher for the qualitative indicators (CP and CF). The genotypic deviations ranged from 0.01 to 814.62. The genotypic variance was the highest for seeds number per plant, followed by pod length and plant height indicating a 400 greater degree of genetic diversity for these traits. The phenotypic dispersion values ranged from 0.03 to 2326.77. The slightest variation was for the mass of 1,000 seeds, seed weight per plant, CP and CF, while the traits of seeds per plant, pod length, plant height and pods per plant had a high variability, showing that these traits were the most strongly influenced by the environmental impact.
Genetic advance and heritability (broad sense)
Inheritance varied from 20.46% to 99.85%, while genetic advance ranged from 0.12 (for mass per 1,000 seeds) to 34.79 (for seed weight per plant). In the present study, high inheritance in combination with high genetic advance was reported only for the number of seeds per plant. This indicated the additive nature of inheritance of these traits in the collection of white lupine cultivars. A high inheritance and low genetic advance characterized all the other traits, indicating the action of non-additive gene complexes in their manifestation.
Correlation and path analysis
The traits of pod length, seeds per pod and seeds per plant had a significant positive genotypic correlation with the seed weight per plant (Table 5) , which meant that plant productivity increased with an increase in the meanings of these indicators. Plant productivity was in positive, although statistically non-significant, genotypic dependence also with the other parameters.
In the tested cultivars, a significant correlation with the crude protein content (CP) showed the pod length (r = 0.534), seeds in a pod (r = 0.416) and mass of 1,000 seeds (r = 0.714). Obviously, the protein content of seeds raised with increasing values for these traits.
A certain analogy was found in the dependences between seed weight per plant and pod length, seeds in a pod and seeds per plant, regarding the genotypic and phenotypic correlation. There was a significant positive phenotypic correlation between these traits and plant productivity.
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The values of total effect indicated that productivity raised to the greatest extent by increasing the mass of 1,000 seeds (304.350), plant height (48,580) and number of seeds per plant. The length and width of the pods had the least effect on the seed weight of plants. .643*** 1 -Plant height, 2 -Pods per plant, 3 -Pod width, 4 -Pod length, 5 -Seeds per pod, 6 -Seeds per plant, 7 -Seed weight per plant, 8 -Mass of 1,000 seeds, 9 -Crude protein, 10 -Crude fiber ***, ** and * significance at p < 0.001, p < 0.01 and p < 0.05 probability levels Based on the established effects and dependencies between the studied traits in white lupine cultivars, it is possible to successfully predict the efficiency of hybridization carried out and then to be conducted an effective selection in this crop.
Discussion
In the present study, a high inheritance of all the traits and indicators was found with the exception of plant height where the inheritance coefficient was more moderate. The level of inheritance indicated that the environmental impact of the trait was minimal. Each of them could be used with success in breeding programs. According to Eid (2009) , without preliminary information about the level of genetic advance, values of inheritance coefficient would not have a practical meaning in the breeding based on the phenotypic manifestation of the trait, so that both traits should be taken into account in analyzing a certain trait. Dikshit et al. (2014) reported an average level of variation of the characteristics plant height, 1,000 seed weight, number of primary branches and number of seeds per pod in Lathyrus sativus cultivars. The values obtained in their studies about the correlation coefficient indicated that the pod length demonstrated positive and significant correlation with seeds per pod and days to maturity, highly and significantly correlated with seed weight. Aliu et al. (2016) reported a medium level of variation for the parameters of seed yield and mass of 1,000 seeds, and a strong variation for the biological yield and aboveground biomass in chickpeas. The hereby results did not completely correspond to those reported by the cited authors. The probable reason was the different culture that is the subject of the current study, as well as the impact of the changing environment.
High positive and significant dependencies were found between the yield and biological yield and yield and harvest index in lentil (Karadavut, 2009 ). According to El-Harty et al. (2016) and Annicchiarico et al. (2010) genotypes that were superior in one of the yield components can be involved in breeding programs for new varieties development.
The statistical methods and genetic parameters used for estimation of the collection of white lupine cultivars demonstrated that there was significant genetic diversity in regard to the studied traits. The grouping of cultivars in the present investigation will facilitate their future use in combinative breeding. Varieties of the groups with the best agronomic indicators are suitable for inclusion in hybridization schemes.
Conclusions
The diversity of groups regarding the different traits and indicators showed the presence of genetic diversity within the studied 23 white lupine cultivars, which was a good prerequisite for starting a breeding program in this crop. The most favorable combination of a high seed productivity and crude protein content had cultivars 'Tel Keram', 'Pflugs Ultra', 'WAT', 'Solnechnii' and 'Pink Mutant' whose plants also characterized with a mass of 1,000 seeds between 15 and 21 g. Genetically, the most distant from each other were 'Bezimenii 1' and 'Pflugs Ultra' compared to 'Termis Mestnii' and 'Solnechnii' and to 'Tel Keram'. These cultivars are suitable as genitors for the development of high-yielding white lupine cultivars. The traits of pod length, number of seeds in a pod and seeds per plant showed a high positive phenotypic and genotypic correlation with the seed productivity in white lupine. In the breeding on productivity, it can be rely upon the mass of 1,000 seeds, plant height and number of seeds per plant, due to their highest total effect on the seed weight per plant.
